a2 United States Patent

US009105972B2

(10) Patent No.: US 9,105,972 B2

Webb (45) Date of Patent: Aug. 11, 2015
(54) DIRECTIONAL PLANAR SPIRAL ANTENNA (56) References Cited
(75) Inventor: Spencer Webb, Windham, NH (US) U.S. PATENT DOCUMENTS
. . 3,192,531 A * 6/1965 Coxetal. ..ccooeevvnnee. 343/895
(73) Assignee: %B;TENNASYS, INC., Windham, NH 3618114 A 11/1971 Dietrich
Us) (Continued)
(*) Notice: Subject. to any dlsclalmer,. the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35
U.S.C. 154(b) by 531 days. GB 2313486 11/1997
Jp 2005244965 9/2005
(21) Appl. No.: 13/479,238 (Continued)
(22) Filed: May 23, 2012 OTHER PUBLICATIONS
. L Ozdemir T. et al. “Analysis of thing multioctave cavity-backed slot
(65) Prior Publication Data spiral antennas”, IEE Proceedings: Microwaves, Antennas and
US 2012/0229363 Al Sep. 13,2012 Propagation, IEE, vol. 146, No. 6, Dec. 8, 1999, pp. 447-454.
(Continued)
Related U.S. Application Data Primary Examiner — Tho G Phan
(63) Continuation-in-part of application No. 12/544,838, I(JI:) OAzzorney, Agent, or Firm — ARC IP Law, PC; Joseph J.
filed on Aug. 20, 2009, now Pat. No. 8,193,997. Y
(57) ABSTRACT
(31)  Int.Cl Directional wide band antenna that may be utilized to
HO1Q 1/36 (2006.01) enhance cell phone coverage within a building, and/or for
H01Q 138 (2006.01) signals intelligence collection (SIGINT). Includes a spiral
HO01Q 1/00 (2006.01) antenna with feed-point configured to transfer energy to/from
HO01Q 927 (2006.01) the antenna. Includes an energy absorbent backing and an
H01Q 13/10 (2006.01) energy absorbent siding coupled with the spiral antenna.
(Continued) Includes a cavity behind the log-s.piral slot antenna and in
front of the energy absorbent backing. Includes a cable con-
(52) US.CL nector coupled to a tapered microstrip line coupled to the
CPC e HOIQ 1/38 (2013.01); HO1Q 1/007  feed-point wherein the tapered microstrip line is configured
(2013.01); H01Q 9/27 (2013.01); HO1Q 13/106 to transform the input impedance to the antenna impedance.
(2013.01); HO1Q 13/18 (2013.01); HO1Q Housed in a container configured to hold the above listed
17/001 (2013.01) components. Energy absorbent siding, cavity and energy
(58) Field of Classification Search absorbent backing greatly reduces back lobes. Another

CPC ... HO01Q 13/106; HO1Q 13/18; HO1Q 1/38;

HO1Q 9/27
USPC ittt 343/895, 767
See application file for complete search history.

embodiment has log-spiral shaped slots at an outer portion of
the log-spiral slot antenna overlap with the energy absorbent
siding and wherein the feed-point overlaps the cavity.

19 Claims, 65 Drawing Sheets

1301

1303

803

1302



US 9,105,972 B2
Page 2

(51) Int.CL

HO1Q 13/18
HOI1Q 17/00

(56)

4,095,230
4,114,164
4,319,248
4,743,918
5,053,786
5,162,806
5,313,216
6,191,756
6,201,513
6,300,919
6,407,721
6,853,351
2002/0122009
2005/0179597
2009/0201216
2011/0043414

(2006.01)
(2006.01)

References Cited

U.S. PATENT DOCUMENTS

A 6/1978
A 9/1978
A 3/1982
A *  5/1988
A 10/1991
A * 111992
A 5/1994
Bl 2/2001
B1* 3/2001
B1* 10/2001
Bl 6/2002
Bl 2/2005
Al 9/2002
Al 8/2005
Al 8/2009
Al 2/2011

Salmond et al.
Greiser
Flam

Rannou etal. ............

Silverman

Monser ...

Wang et al.
Newham
Ow et al.

Mehen et al. .............

Mehen et al.
Mohuchy
Winebrand et al.
Pintos et al.
Gerneth

Webb

FOREIGN PATENT DOCUMENTS

JP 2005244965 B2

WO

97/25755

9/2005
7/1997

... 343/895

... 343/753

... 343/895
... 343/895

OTHER PUBLICATIONS

Volakis J. et al. “A broadband cavity-backed slot spiral antenna”
IEEE Antennas and Propagation Magazine, IEEE Service Center,
vol. 43, No. 6, Dec. 1, 2001, pp. 15-26.

Extended EP Search Report issued on Jan. 22, 2013 for EP Appl. No.
10810694.9, 9 pages.

RFspin s.r.o. “SCSA-27 Electrical specification”, retrieved from
http://www.rfspin.cz/anteny/scsa-27.php on Sep. 14, 2009, 5 pages.
Piksa, “Log-Spiral antenna from 2 to 40 GHz with impedance match-
ing”, 4 pages.

Johnson, “Antenna Engineering Handbook”, Third edition,
DuHamel et al. Frequency-Independent Antennas, 20 pages.
VDAR-1 Antenna, “Single 5dBic “Hybrid-Patch” Antenna with
mounting option”, 1 page.

Lo et al. “Antenna Handbook” vol. II, “Antenna Theory”, “Fre-
quency-Independent Antennas”, 4.Log-Spiral Antennas, 1993, 11
pages.

International Search Report and Written Opinion for corresponding
PCT application, dated Dec. 21, 2010, 8 pages.

Notification Concerning Transmittal of International Preliminary
Report on Patentability dated Mar. 1, 2012, 6 page.

International Search Report and Written Opinion for PCT/US2013/
042321, dated Sep. 5, 2013, 7 pages.

IPRP, PCT/US2013/042321, dated Dec. 4, 2014, 6 pages.

* cited by examiner



US 9,105,972 B2

Sheet 1 of 65

Aug. 11, 2015

U.S. Patent

FIGURE 1

1o0

101

-
o

o

103
104



U.S. Patent Aug. 11, 2015 Sheet 2 of 65 US 9,105,972 B2

FIGURE 2

202 203



US 9,105,972 B2

Sheet 3 of 65

Aug. 11, 2015

U.S. Patent

GURE 3

I

F

1

0

1




U.S. Patent Aug. 11, 2015 Sheet 4 of 65 US 9,105,972 B2

FIGURE 4

100

L

J

s AR S

Py
o
[V

203




U.S. Patent Aug. 11, 2015 Sheet 5 of 65 US 9,105,972 B2

FIGURE 5




U.S. Patent Aug. 11, 2015 Sheet 6 of 65 US 9,105,972 B2

FIGURE 6

102




U.S. Patent Aug. 11, 2015 Sheet 7 of 65 US 9,105,972 B2

FIGURE 7

705
70

702




U.S. Patent Aug. 11, 2015 Sheet 8 of 65 US 9,105,972 B2

FIGURE 8

701

704




US 9,105,972 B2

Sheet 9 of 65

Aug. 11, 2015

U.S. Patent

FIGURE 9

-~

B O A A s 3




U.S. Patent Aug. 11, 2015 Sheet 10 of 65 US 9,105,972 B2

FIGURE 10
1001 1002 1003
& <
) o o o
o o o o




U.S. Patent Aug. 11, 2015 Sheet 11 of 65 US 9,105,972 B2

FIGURE 11

1103 703 1102

i

1112

1113

1104 11086 1o



U.S. Patent Aug. 11, 2015 Sheet 12 of 65 US 9,105,972 B2

FIGURE 12

1103 1201 1oz

1104 1108 1101



US 9,105,972 B2
FIGURE 13

Sheet 13 of 65

Aug. 11, 2015

U.S. Patent

- @ . . .
- g . . 20 EEL

. .

£ S

o

[
L

1301

7o

1302

803



US 9,105,972 B2

Aug. 11, 2015 Sheet 14 of 65

U.S. Patent
FIGURE 14
1301
i

1302



U.S. Patent Aug. 11, 2015 Sheet 15 of 65 US 9,105,972 B2

FIGURE 15

301



U.S. Patent Aug. 11, 2015 Sheet 16 of 65 US 9,105,972 B2

FIGURE 16




US 9,105,972 B2

Sheet 17 of 65

Aug. 11, 2015

U.S. Patent

FIGURE 17

701




US 9,105,972 B2

Sheet 18 of 65

Aug. 11, 2015

U.S. Patent

a sy dreacpera

88 gELT g~ SRR Can)

ap wivTe- Tondae tpey

a8 Souonbasy

wien paryiesy andann

- sug Ausnnduny

[ES I T YA Aoy
{5 ¢C a} porares  UOTIERTHe .y
BLIEIaR A g

81 3HNOId



US 9,105,972 B2

143 soos ens 33
{3 << wy) papgeus

ar BseT

ap BT e—

P 'L E-
804
upRy pazryesy
sa¢

pragaang

uIRgTRILa
tuysge faul
T9%a3e Tpey
fouanbiig
andyng
Juauniung
Aoituny

Heryearaeadiy

adfiy

Sheet 19 of 65

Aug. 11, 2015

U.S. Patent

-
. -

GO

SR

61 34NOI4



US 9,105,972 B2

Sheet 20 of 65

Aug. 11, 2015

U.S. Patent

0¢ F3HNOI4

ap e
ap 65672~
ap LspE-

8061

HYEY PAZLIRAN
548

[ER R0 MU T
(b 44 wu) payess
PIATHIES

uienTprTa
SOTEga g
falsda cpeg
fisuanbyag
andyng
ausundung
Suatuoy
vopiegReldy
athy




US 9,105,972 B2

Sheet 21 of 65

Aug. 11, 2015

U.S. Patent

i

W

e \

£y o . o o
%

..
ws.
.

. L

W zsw§%%%ﬁW%%%w
. - \M -

.

.
. a0
J .

.

L¢ 34NOId

. yf&w . -

BNy
P A58 2
8P LseTZ-

BusL
grey paziteey
say

{1] suos onel 43

{1 ¢ Wl payaeus

PIATIey

L
é: .

o oo o

.

. -
. ... - , -
- . . . . . .
. 9%@%@&%%%@@@ . Xw%wawwwwﬁwﬁwm@w%ww@ . %wxf? A»amww«www{ .
o . o \
- N\
< W

< -

S > R o S
... .. - -
% . . %\%&M@g@ . @NM%% - . %%@WW%@W&@W& .

.
.

-
.

Hieh Iy
CUkide Aty
Cutdge pRg

Gonanboay

andann

Jusioduns

Jantdoy

untienvinaddy

alny

-
WMW%%%W%




US 9,105,972 B2

Sheet 22 of 65

Aug. 11, 2015

U.S. Patent

ATy e prid

s

AR L~ L

B fAaanbaag

uien pariieay andyng

Suy Juanaduny

Ted taswnes) pravaany 0oy
(1 ¢c #9) pardeus woniveroaddy
Proagaaeg . iy

% v o Sl o o

.
-

. . . .. . - . s,

. - . - o o - - .-
/M\MW%@N . w&%%%w&@w%@%@@%w@%%% - . @s%x»mmww@vw/wwmww%\n - w@%%%@%%ﬁg@&%w . g@@%@m@m&%ﬂ&\ M@f&w%w@m%@ww
o - - . ... ’ . . / - .
%\&% . w%«@%@%@» . . . .
- - - - . - -

. - - .
... . . - . -
. ...

¢Z 39NoOld



US 9,105,972 B2

Sheet 23 of 65

Aug. 11, 2015

U.S. Patent

,
o - . .
...
.

€¢ 3UNOld

- EﬁM\MW\\A« . . e
> N

- - ... -
o L 0 ... .
\%W§wwy»ﬁ@mW®mmw Amw@x@wwmw%mmwmwmWWW%mwwwmmMWWW%mwmwmmmemwMWW%m%

. . -
- , - .
. . -
\ . . - o
. o wﬂ@&@w@\ -

< .
- .

- _

o

. .
- - ey W@,@MW%V%\%&V . %ﬁ@w@&%w@
. mwyw\%@é%%&%

e s

ety

f

a5

IS pazIIvey

By

Tl taswe=4) proviavs
11 £ uu) pargeus
Pravdard

. é .
.

. mx\%

oo - . . vxw@
...

-
o - Y

%&&%%&j@ .

o

.
-

.

.

M&W{m«x -
.

,xwwwwww

ayes pand
“otse gy
“9tidn pey
fouanbady
andng
 Juanpduoy
.

Uot e exoaddy
.

.

%M/wa

.
.




US 9,105,972 B2

Sheet 24 of 65

Aug. 11, 2015

U.S. Patent

A9T4 apeITTdey

[17] fSsuanbiac g

LUBTE 7 SIBCR2568STE 7 MANETE GP WU sRontay b ownuteey
sug Jusundugy

{0l tameesd poarsoy Auytuon

{apady puaaang asegans adng

Wiy nah

.

Ry
-
-

- . . - , 0
... — ...
. , _ .
. - . - - .

| .

o

-

_

-
-

vZ 3¥NOId



U.S. Patent Aug. 11, 2015 Sheet 25 of 65 US 9,105,972 B2

0

.
Kﬁ&%
O

-
.

.

T qge o Wn's

.

o
>
o

FIGURE 25

.

>
o
> %\yé{ Q
.

o
-
7 '&

C

-
.

.

-

.

.

-

-

R
¢

-
- Q(%é? L
.

. .

.

- e
@%v“%

.
o

0
.
-
.

13165 WATh At L0921 2 S u TR 42 BB

Power Losy Bensity (ras)

Toss (Fezo8y 01]

o
|

-
.
Honitnr
Haxinun 2

.

|
frequency



US 9,105,972 B2

Sheet 26 of 65

Aug. 11, 2015

U.S. Patent

3074 AP Tiduy

Ba fovanbaig

PORCE L SMRISERGTE /AR AN BN LR SN DR Tiey
E gusupduny

{11 (mne=a) prwti-u iy

Opead) Nasang aaviang wify

Wi 6w

. -
o o %«?ﬂm@%\ o
-
«éﬁxﬁyww%%@

. %M%&»& -
. - - Y

-

-

- . D
. .

-
e .
. .
.

S <
- - - -
,> - . 4}
... : g&@ . .

- -
.. .
. . .

9¢ FdNOI4



US 9,105,972 B2

Sheet 27 of 65

Aug. 11, 2015

U.S. Patent

g8 Asuanbagy

BLERHTE S AEBRITR- FOMIEARTY 3L BOU/B STHICEL DR Wi Rel
[4) (ugp=3) 5501 o] tioy

5wy fiaTsuan ss5u danng adng

BN enprera’y

S
... . - .

w\
- ,

-
% W{ % o

.
. .

- - .
&%@W@WM@X . . . s o %ﬁwww%%ﬂv >x%\\<xwww&v > _ M\%W\,;W;

.M
- ¢ . -
. - . . .

%M%W@ .
. .

.

£Z 3€NOI



US 9,105,972 B2

Sheet 28 of 65

Aug. 11, 2015

U.S. Patent

I0EE amrriduy

a58 HAuanbaas

PORTE SUR-RRRARNTE A BN IV /N NERN e puowiTaey
say Juaunduny

] Jniinoy

Laad} guasany aoeiang adhy

LR ]

. . . . . . . . . . @»&m\v@%&y@ -
. - - \ s V mw .
. .. . . . ..

. - ... - ...

.. . . .

. - ... . .

|

7
-
.

&

. -

8¢ JdNOId



US 9,105,972 B2

Sheet 29 of 65

Aug. 11, 2015

U.S. Patent

56 fsganbaig

BINAETL 4 GORBLT - A BOOE L OE N0 s G D oniuney
Tl (ossea) ssoy Avytuey

{swa) AyTsuny S50 dsang adny

B/ phueani Ty

. - . - o
. - ..
. . ...
. .
..
@ .
R - > o . T o S
.. - |

.

- ? . . . -
. - - - ﬁ%&&%@%/}&%@@%ﬁ< . zVMAWava@VW . .
..
.. O O OO
..

-

. o
- . -
.

-

ey

6¢ 3HNOIL



U.S. Patent Aug. 11, 2015 Sheet 30 of 65 US 9,105,972 B2

| 489 an

FIGURE 30

-
?@
.

.
.
.

.

.
.
.

\”«%’%\&é;& o

i@}?
<
i

-
@
s
W
&
o
=
g
o=
-
o
~
g
£

3
&
k.
%
o
S
By
8
ol
b
£

s
&
b

-4
=
i
-

e
&
ot
B
&
5
=
]
P
f s
@

Surtate Curvent (peak)
Bepiedd (Fe1o00y 1Y

abs

Lomponent
Masioun-0d
Feequency

Tupe
Honitor

.



US 9,105,972 B2

Sheet 31 of 65

Aug. 11, 2015

U.S. Patent

BasE Aauanbia g

EA5INTL 7 SIB-R2068 L/ S16-9000N Lo GE £ NN 20 00E2 DE-ownsLiey
T1] tumsi=3) ss0y anytuoy

fauay GyIsuag S50y Aansg adhy

B 5L

. - S o
. . .

. f . - \ . .
\nww\w%@@@% - W%www«ww« 4 xWMO@% \ , ‘ wM%%%gv»%%@M%@W%g%

0 / . ; .
e ~ > o S . . /wx«w&iof
- . . . &vw«gf%% .

A

- .
- . -
. - A -
. - - : .

.

L€ 3HNOIA



US 9,105,972 B2

Sheet 32 of 65

Aug. 11, 2015

U.S. Patent

- 30e spnyiiden
B9 08 : G5hz fousnbaid
PRS0 4 A0EAENE B AR N/ 2RNT 60 DD BT

sau guaundung
fi] tashe=42 prots-u Aoy tuoy
(ypad) Juadang 9aviang adhy

.

.
.

0
-

.
.
.

-
.
.

-

. . . . . - .
. .. @%
... . .
.
- .

-

- \ . / . . .
- s

s

. , , . .
.. L e

MenRR R . R RE R

¢e J¥NOId



US 9,105,972 B2

Sheet 33 of 65

Aug. 11, 2015

U.S. Patent

asKE

BSSZ0TL 7 SUR-SE96SRTL 7 SIR-8UB0NLTE- 3R BN BT IENE
[L) {8sng=4) suoy

(sua) BIT5UAE 5507 Jonvg

BouA L8k

S
-
v

- -
-

V - - - . - - - o
. - - - . o . 0 . o
- o -~ xwwyﬂw@%v . - . . - < . - o
. @W&%%\%V - «@Ww\&/ - - . _ ‘ . %@%« . - .
- O - o

-
-
.

-

- .

. . - . - V@f\
- - . - - . -
- . - - @ @ @ @@

mmv?@« - QO
. \%w&%&w’»«w .
- \w@\«w\ -
g@@%@%@%@@, Q%MW&W g%% o %/W%Wa . . . - . o WWW«WWW .

€€ JHNOId

Aauanbaay
Be-utmitaen
Ao Tuoy
adiy




US 9,105,972 B2

Sheet 34 of 65

Aug. 11, 2015

U.S. Patent

WY LTBE woang
LORTE Z 8 7 S6ESERUT B OV WAV WiLL B

sS4y

1] dsnneaad prarsy

favady Jusaang sorjang

. . . . - -

... . ..
- v@x@%ﬁ%@w@w \ %Mm}%%f . , - - \&x/@@@@mw%%@%@%/% .
.. \ , - . @
. ... .

-

%

-

.

. . -
ww»w&%@? . - Q«w%@%&% .

o - . -

.
.

.
-

.

S
.

ve 34NOld

APE4aRnILTduY

fotanbady
pEuTEey
Juanoduny
Avituny
abig




U.S. Patent Aug. 11, 2015 Sheet 35 of 65 US 9,105,972 B2

6% YN

FIGURE 35

V% .
0
> @’Q

L)
W
W
P
=
-
S
%
¥
29
s
=
e
=
5
P
s
2
i
§
Z
ond
*
53
1

£
"
(e&
&
By
=
ot
b
*
§
w

2
3
S

Power Loss Dimaity fras)

Tase (Feadeny [11

Hagiomn yd
Freauency




US 9,105,972 B2

Sheet 36 of 65

Aug. 11, 2015

U.S. Patent

0o00e

00Se

ZHW / Aouanbaiy
000z 0ostT

0007

00s

59

0L

SL

58

06

56

001

9¢€ IHUNOId

WPIA-EpE (0=14d) UieD pezijesy pueqpeolg

s01



U.S. Patent Aug. 11, 2015 Sheet 37 of 65 US 9,105,972 B2

P~
(S ] =3
[
w
o &3
0} a g
— =
L. b=
o
e
'
&
Pl
i
T
3 g
£ &
=
Lo}
A o
.& =
= o
i+
3 o
’8 W
g ]
E g
& &
2 @
b S
= ]
g
o
]
&
=
[‘13) &
[t o
2
w1t L o o ¥

5.5
4.5
3.5
2.5
0.5



US 9,105,972 B2

Sheet 38 of 65

Aug. 11, 2015

U.S. Patent

000¢€

00sT

0002

ZHI / Asuanbaig

00ST

0ootT

00s

61

oz

1z

(44

14

24

5¢

9z

{&Z

8t

JET=XTE0d

62

0g

8¢ JUNOI4

={yd ulen paziesy pueqpeolg



U.S. Patent Aug. 11, 2015 Sheet 39 of 65 US 9,105,972 B2

le))
')
%
*sé
L
Q o =)
“3
=
™ 2
<2
[
WY
= A
o
=
3 [= S
£ B:h
13
Q B
-3 x
g -
= P
s [
45
< g
w
& &
g £
3
& 2
wy
Bl
2
foc]
h
[e-
S
B>“1:)
Lo
ot
0 ~ ol o in i n - 9
™~ G sy A



US 9,105,972 B2

Sheet 40 of 65

Aug. 11, 2015

U.S. Patent

00se

0oog

00s2

ZHI [ Aduenbaug

0ooz

0081

000t

00s

PR, A
CPpedT B8°004 2 D

0¥ FdNOId

(1)1 UMsA

[

¥1

ot

81

[ 4

v

9¢

827



US 9,105,972 B2

Sheet 41 of 65

Aug. 11, 2015

U.S. Patent

L7 3HNOId

&1 §4'0-
91
& 50
£
£
Ww
¥ To-
o1~
UTEOE Sb T imiw.?m‘” o1} L Qe &0 10
1
[4
ot
5
g 10
A -
AAEG
fard
24§ Asusnbasg
Z w0
@1
€1 : S0
HRLD Uy speeegg



U.S. Patent Aug. 11, 2015 Sheet 42 of 65 US 9,105,972 B2

FIGURE 42
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FIGURE 43
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FIGURE 44
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FIGURE 45
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FIGURE 47
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FIGURE 48
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FIGURE 49
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FIGURE 52
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FIGURE 54
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FIGURE 55
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DIRECTIONAL PLANAR SPIRAL ANTENNA

This application is a continuation in part of U.S. Utility
patent application Ser. No. 12/544,838 filed 20 Aug. 2009,
now U.S. Pat. No. 8,193,997the specification of which is
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

One or more embodiments setting forth the ideas described
throughout this disclosure pertain to the field of antennas.
More particularly, but not by way of limitation, one or more
aspects of the disclosure enable a directional planar spiral
antenna, for example Archimedean spiral, square spiral, star
spiral, log-spiral or any other type of spiral antenna which
may also be configured as a spiral arm or spiral slot antenna.

2. Description of the Related Art

Some buildings are difficult to receive cell phone coverage
in. In order to provide cell phone coverage in these buildings,
“microcells” have been installed to accommodate cell phone
calls within these buildings. Microcells are implemented as
low power cell instances in a mobile phone network wherein
the microcells have a correspondingly low coverage area with
respect to a standard cell. Typical microcell range is under a
mile in radius. Current implementations of microcells suffer
from the types of antennas that are utilized. These microcells
are generally omnidirectional antennas that allow access
from locations external to the building in which they are
installed.

Use of wide band antennas allows for the cell or microcell
sites to handle more phone calls. Thus, wide band antennas
are generally used for cell antennas. Walls in buildings begin
to attenuate the cell phone signals at around 1.8 GHz and thus
although coverage is limited above this frequency, the num-
ber of calls that may be handled is actually higher as indi-
vidual floors within a building may simultaneously use the
same frequency for separate phone calls.

Another approach to increase coverage within buildings
uses bi-directional amplifiers (BDAs) to boost the cell phone
coverage by receiving cell phone signals, amplifying them
and retransmitting the signals, for example into/out of a build-
ing and from/to an existing cell tower for example. This
solution may be cheaper and easier to implement than a full
fledged microcell, and is expected to form a large portion of
the market for increasing cell phone coverage for example
within buildings. These installations utilize antennas within
the building and an antenna generally on the outside of a
building for example an externally directed antenna, e.g.,
pointed in the direction of the highest power cell tower within
range.

For microcells and BDAs, it is desirable to primarily
employ coverage within the building itself and not outside the
building where the cell towers can handle traffic. With better
antennas covering the inside of a building, fewer antennas are
required as well.

One type of wide band antenna is a planar logarithmic-
spiral antenna, also known as a planar log-spiral antenna.
Log-spiral antennas have been known at least since 1955.
Two-arm Log-spiral antennas generally have two spiral
shaped arms shifted 180 degrees from one another. This type
of antenna yields left hand circularly polarized radiation in
one direction away from the plane, and right hand circularly
polarized radiation in the opposite direction. Attempts at
absorbing rearward pointing energy in order to make a direc-
tional antenna have been less than optimal in that known
directional implementations still have sizable back lobes.
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This means that in the case of a BDA, the antenna pointing
into the building would still have a fairly high gain pointing
out of the building, which can cause problems with the exter-
nally directed antenna for example.

Since cell phones are generally linearly polarized, if wide-
band linearly polarized antennas are utilized within a build-
ing, then when a cell phone tips, i.e., the cell phone antenna is
displaced out of a vertical orientation, for example when a cell
phone user leans back in a chair, the signal fades. This is
known as polarization fade. Circularly polarized antennas,
for example coupled with a microcell or BDA, may receive
the linearly polarized energy from the cell phone and do not
experience this type of fade.

Another application for wideband antennas is for gathering
signals for intelligence, i.e., “SIGINT”. Wideband antennas
for example are utilized in running continuous searches for
signals or scanning known frequencies that may extend over
a large range. In addition, in the intelligence world, one
antenna can be utilized for many purposes. For covert com-
munications, if a transmitter with a wide band antenna is
captured for example, it is impossible to tell exactly what
frequency the system was operating at. Also, if the antenna
has a wide range of operation, e.g., 700 MHz-2500 MHz,
there is no way to determine what the antenna was being used
for.

For at least the limitations described above there is a need
for a directional planar spiral antenna with low back lobes.

BRIEF SUMMARY OF THE INVENTION

At a high-level the disclosure set forth herein is directed to
a directional planar spiral arm antenna or slot antenna.
Embodiments of the invention enable a directional wide band
antenna that may be utilized for example to enhance cell
phone coverage within a building or for any other use such as
signal intelligence, i.e., “SIGINT”. As one skilled in the art
will appreciate, enhancing cell phone coverage and the col-
lection of signal intelligence may occur simultaneous for
example.

One such embodiment includes a directional planar spiral
antenna of any type including a log-spiral slot antenna having
a feed-point configured to transfer energy to and from the
spiral antenna along current paths as one skilled in the art will
appreciate. The antenna may have an antenna impedance that
in one or more embodiments is 150 Ohms. The embodiment
further includes an energy absorbent backing and an energy
absorbent siding coupled with the energy absorbent backing
and further coupled with the log-spiral slot antenna. The
embodiment further includes a cavity behind the log-spiral
slot antenna and in front of the energy absorbent backing. The
energy absorbent siding, cavity and energy absorbent backing
greatly reduces back lobes. In one or more embodiments, the
absorbent material is polyurethane impregnated with carbon
with a net resistivity of 200-400 Ohms/Square.

The embodiment further includes a cable connector having
an input impedance, wherein the cable connector for example
may couple with a standard cable, such as a coaxial connec-
tor, e.g., a 50 Ohm coax. Spiral slot embodiments may further
include a tapered microstrip line coupled to the feed-point
and configured to transform the input impedance to the
antenna impedance. The embodiment is housed in a container
configured to hold the log-spiral slot antenna, the energy
absorbent backing, the energy absorbent siding, the cavity,
the cable connector and the tapered microstrip line. In one or
more embodiments, the tapered microstrip acts as a Tapered
Balun, converting the input impedance to the antenna feed-
point impedance over a wide frequency range and converting
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the unbalanced coaxial input to the balanced signal for the
antenna feedpoint. In arm based embodiments, the imped-
ance transformation and the balanced to unbalanced feedline
conversion may be implemented on the normal centerline
between the planar conductors of the antenna and the back of
the container.

In one or more embodiments of the invention, the absor-
bent backing overlaps the outer portion of the slot to attenuate
the reflected energy, for example at low frequencies. Embodi-
ments of the invention enable great wideband impedance
matching with Voltage Standing Wave Ratio (VSWR) below
1.2:1, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
ideas conveyed through this disclosure will be more apparent
from the following more particular description thereof, pre-
sented in conjunction with the following drawings wherein:

FIG. 1 shows a side perspective view of an embodiment of
the invention.

FIG. 2 shows a back perspective view of an embodiment of
the invention.

FIG. 3 shows a front view of an embodiment of the inven-
tion.

FIG. 4 shows a top view of an embodiment of the invention.

FIG. 5 shows a side view of an embodiment of the inven-
tion.

FIG. 6 shows a back view of an embodiment of the inven-
tion.

FIG. 7 shows a cross section of FIG. 4 at section A.

FIG. 8 shows a cross section of FIG. 5 at section B.

FIG. 9 shows a side perspective view of an embodiment of
the container.

FIG. 10 shows a front view of an embodiment of the con-
tainer.

FIG. 11 shows a front view of an embodiment of the energy
absorbent material.

FIG. 12 shows a front view of an embodiment of the energy
absorbent material having a cavity.

FIG. 13 shows a front view of an embodiment of a PCB
implementation wherein the PCB is transparent to allow
viewing of the slots.

FIG. 14 shows a front view of an embodiment of a PCB
implementation wherein the PCB is opaque and wherein the
slots are shown as lines that represent the slots underneath the
top layer of the PCB.

FIG. 15 shows a perspective view of the underside of the
PCB board of FIG. 10.

FIG. 16 shows a perspective view of the underside of the
PCB board of FIG. 11.

FIG. 17 shows a side view of the PCB board, mounting
legs, mounting bracket, coaxial connector and gas vent.

FIG. 18 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 700 MHz.

FIG. 19 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 700 MHz.

FIG. 20 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 1900 MHz.

FIG. 21 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 1900 MHz.
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FIG. 22 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 2450 MHz.

FIG. 23 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 2450 MHz.

FIG. 24 shows a surface current plot for an embodiment of
the invention at 700 MHz with for example the energy absor-
bent backing overlapping the outer portion of the slot, which
greatly attenuates the reflected energy, for example at low
frequencies.

FIG. 25 shows a power loss density plot for an embodiment
of the invention at 700 MHz.

FIG. 26 shows a surface current plot for an embodiment of
the invention at 800 MHz.

FIG. 27 shows a power loss density plot for an embodiment
of the invention at 800 MHz.

FIG. 28 shows a surface current plot for an embodiment of
the invention at 950 MHz.

FIG. 29 shows a power loss density plot for an embodiment
of the invention at 950 MHz.

FIG. 30 shows a surface current plot for an embodiment of
the invention at 1900 MHz.

FIG. 31 shows a power loss density plot for an embodiment
of the invention at 1900 MHz.

FIG. 32 shows a surface current plot for an embodiment of
the invention at 2450 MHz.

FIG. 33 shows a power loss density plot for an embodiment
of the invention at 2450 MHz.

FIG. 34 shows a surface current plot for an embodiment of
the invention at 3000 MHz.

FIG. 35 shows a power loss density plot for an embodiment
of the invention at 3000 MHz.

FIG. 36 shows a plot of Half-Power Beamwidth (HPBW)
versus frequency from simulation.

FIG. 37 shows a plot of Axial Ratio (AR) versus frequency
from simulation.

FIG. 38 shows a plot of Front-to-Back Ratio (F/B) versus
frequency from simulation.

FIG. 39 shows a plot of simulation-predicted boresite gain
versus frequency from simulation.

FIG. 40 shows a plot of Voltage Standing Wave Ratio
(VSWR) versus frequency from simulation.

FIG. 41 shows a Smith Chart of the input impedance of the
antenna feedopint referred to 150 Ohms from simulation.

FIG. 42 shows a plot of 700 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 43 shows a plot of 776 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 44 shows a plot of 874 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 45 shows a plot of 950 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 46 shows a plot of 1900 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 47 shows a plot of 1982 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 48 shows a plot 02450 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 49 shows a plot of 700 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range,
raised 10 dB relative to FIG. 42.

FIG. 50 shows a plot of 874 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range,
raised 10 dB relative to FIG. 44.

FIG. 51 shows a plot of axial ratio on boresite at four
frequencies, using the method of rotating linear source.
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FIG. 52 shows a plot of 1900 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 53 shows a plot of 1982 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 54 shows a plot of 2450 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 55 shows a picture of an embodiment of the container.

FIG. 56 shows a picture of an embodiment of the energy
absorbent backing coupled with the container.

FIG. 57 shows a picture of the PCB board and energy
absorbent siding coupled with the container.

FIG. 58 shows a picture of an embodiment of the radome
coupled to the container wherein the radome encloses the
various parts within the container and wherein an embodi-
ment of the invention is coupled to a vector network analyzer.

FIG. 59 shows a plot of Voltage Standing Wave Ratio
(VSWR) versus frequency as measured on the prototype
antenna using a vector network analyzer.

FIG. 60 shows a Smith Chart plot ofthe input impedance of
the prototype antenna, referenced to 50 ohms.

FIG. 61 shows a plot of Return Loss measured at the
connector of the prototype antenna, referenced to 50 ohms,
measured using a vector network analyzer.

FIG. 62 shows an embodiment of the invention from below
and to the side wherein the embodiment is mounted on a pole
on an antenna range during the measurements described
herein.

FIG. 63 shows an embodiment of the invention mounted on
apole from behind and to the side on an antenna range during
the measurements described herein.

FIG. 64 shows actual antenna performance measured by an
independent lab.

FIG. 65 shows another embodiment of a spiral antenna
implemented as a spiral arm antenna also having current paths
along the arms and centerline based impedance transforma-
tion.

DETAILED DESCRIPTION OF THE INVENTION

A directional planar spiral antenna will now be described.
In the following exemplary description numerous specific
details are set forth in order to provide a more thorough
understanding of the ideas described throughout this specifi-
cation. It will be apparent, however, to an artisan of ordinary
skill that embodiments of ideas described herein may be
practiced without incorporating all aspects of the specific
details described herein. In other instances, specific aspects
well known to those of ordinary skill in the art have not been
described in detail so as not to obscure the disclosure. Readers
should note that although examples of the innovative con-
cepts are set forth throughout this disclosure, the claims, and
the full scope of any equivalents, are what define the inven-
tion.

FIG. 1 shows a side perspective view of an embodiment of
a directional planar log-spiral slot antenna 100. Any type of
spiral may be utilized. Covering the antenna is radome 101,
that in one or more embodiments is riveted to container 102.
Container 102 may be mounted using mounting U bolts 103
and 104 for example. Radome 101 may be constructed of any
material that minimally attenuates electromagnetic radiation
of the frequencies desired for operation of directional planar
log-spiral slot antenna 100, and may be implemented as a
weatherproof element that prevents water or dust from enter-
ing the internal volume enclosed by radome 101 and con-
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tainer 102 for example. One embodiment of the invention
utilizes a 17" square fiberglass cover for radome 101, while
container 102 is implemented with a 15.9" square aluminum
box, 3.2" deep. U-bolts 103 and 104 may be any size, for
example 2.375" radius bolts. One skilled in the art will rec-
ognize that these dimensions are not to be taken as the only
dimensions that embodiments of the invention can be imple-
mented with.

FIG. 2 shows a back perspective view of an embodiment of
the invention. Mounting U bolts 103 and 104 couple to con-
tainer 102 via mounting bracket 201 for example. Any other
method of mounting directional planar log-spiral slot antenna
100 is in keeping with the spirit of the invention. Also shown
is gas vent 202 that allows for atmospheric pressure compen-
sation. One or more embodiments of gas vent 202 do not
allow moisture to enter the volume enclosed by container 102
and radome 101 for example. One or more embodiments of
gas vent 202 may utilize a filter that allows gas to enter or exit
the internal volume, while keeping moisture or other objects
from entering the volume within the container. Cable connec-
tor 203 may comprise any type of cable connector, for
example a 50 Ohm N-type coaxial cable connector. Any type
of connector may be utilized for cable connector 203 depend-
ing on the intended application as desired.

FIG. 3 shows a front view of an embodiment of the inven-
tion. Shown coupling radome 101 to the container are rivets
301-303. Any number of rivets or other connection devices
may be utilized to couple radome 101 to the container.

FIG. 4 shows a top view of an embodiment of the invention.
Container 102 may be constructed from any conductive mate-
rial durable enough for the intended installation location. One
or more embodiments may be constructed from aluminum or
any durable plastic having embedded conductive properties
for example. Indentation 401 on mounting bracket 201 allows
for a mounting pole for example to interface with mounting U
bolts 103 and 104 and keep container 102 vertically oriented.
Indentation 401 is optional and could be of any geometric
shape that is able to interface with the desired mount. Cross
section A looking into a cutaway of container 102 is shown in
FIG. 8 below.

FIG. 5 shows a side view of an embodiment of the inven-
tion. Mounting nuts 501 and 502 are shown coupling mount-
ing bracket 201 with mounting U bolts 103 and 104 respec-
tively. By tightening mounting nuts, the U bolts are drawn
closer to mounting bracket 201 and fix container 102 to any
desired mount.

FIG. 6 shows a back view of an embodiment of the inven-
tion. Cross-section B looking into a cutaway of container 102
is shown in FIG. 8 below.

FIG. 7 shows a perspective view of cross section of FIG. 4
at section A. Antenna 701 is shown as mounted as part of a
printed circuit board (PCB). Directly beneath antenna 701 is
cavity 702 that is bounded on the sides by energy absorbent
siding 704 and below by energy absorbent backing 703. Also
shown is gas passage 605 that allows gas entering or exiting
from gas vent 202 to enter cavity 702 and otherwise equalize
pressure within the volume bounded by radome 101 and
container 102. Gas vent 102 may be implemented in one or
more embodiments with a sintered material for example with
small pores that allows gas to transfer into and out of the
device without allowing liquid to transfer.

FIG. 8 shows a cross section of FIG. 5 at section B. Support
801 couples antenna 701, for example as implemented on a
PCB, to container 102 through energy absorbent siding 704.
In addition, cable connector 203 mounts on container 102 and
provides coaxial cable 802 to coaxial terminal 803 via coaxial
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cavity 805. Optionally, ferrite beads may be placed on coaxial
cable 802 to prevent RF signals from traveling down the
coaxial cable.

FIG. 9 shows a side perspective view of an embodiment of
the container. Shown are cable connector hole 904 for mount-
ing cable connector 203, and mount points 901, 902 and 903
(and vertically offset mount points not numbered for brevity)
that allow mounting bracket 201 to be mounted at a translated
offset to container 102.

FIG. 10 shows a front view of an embodiment of the con-
tainer. Connection holes 1001, 1002 and 1003 are shown, for
example to couple radome 101 to container 102. Rivets for
example may be utilized in one or more embodiments
although bolts, or any other connection apparatus may also be
utilized in keeping with the spirit of the invention.

FIG. 11 shows a front view of an embodiment of the energy
absorbent material. Energy absorbent backing 703 is shown
with holes configured to accommodate mount points, sup-
ports and coaxial connector. For example, holes 1101, 1102
and 1103 allow for supports (such as support 801) to traverse
through energy absorbent backing 703. Holes 1111, 1112 and
1113 allow corresponding mount points 901, 902 and 903 for
example to intrude into container 102. Hole 1104 creates
coaxial cavity 805 and allows for coaxial cable 802 to traverse
from coaxial connector 203 to coaxial terminal 803.

FIG. 12 shows a front view of an embodiment of the energy
absorbent material having cavity 1201 that is situated directly
behind antenna 701. In one or more embodiments of the
invention, the diameter of cavity 1201 is 9.69" and the depth
is 1.5", while the absorbent siding is 1.2" thick between the
container and the PCB board, while the log-spiral slots over-
lap by 0.3".

FIG. 13 shows a front view of an embodiment of a PCB
implementation wherein the PCB is transparent to allow
viewing of the slots in antenna 701. As shown, coaxial termi-
nal 803 couples with tapered microstrip line 1301 that
couples to feed-point 1302 at the center of antenna 701. In one
or more embodiments tapered microstrip line 1301 acts as a
wideband impedance transformer that transforms for
example, a 50 Ohm input impedance to a 150 Ohm antenna
impedance over a wide range of frequencies. Slots 1303 in
antenna 701 are of the log-spiral shape, and allow for a wide-
band radiation pattern as will be shown in later figures. One
embodiment of the invention may be implemented with a
0.05" gap at the feed-point, wherein the shield of the tapered
microstrip line 1301 connects to the conductor on one side of
the gap and wherein the main conductor of the tapered
microstrip line 1302 connects to the conductor portion across
the gap, therein creating a balanced line. The tapered micros-
trip line 1301 can be formed into the PCB in one or more
embodiments of the invention. In one or more embodiments
of the invention, tapered microstrip line 1301 tapers down to
0.004" at the feed-point from 0.054" at coaxial terminal 803.
In one or more embodiments, the PCB material may be imple-
mented with Rogers 4003C, having a dielectric thickness of
0.032 inches and clad on both sides with copper approxi-
mately 0.0015 inches thick. Any other type of PCB material
may be utilized in keeping with the spirit of the invention.

Specifically, the shape of embodiments of the log-spiral
antenna enabled herein are based on the logarithmic spiral
curve defined by:

O=Fk*exp(bg)
where Q is the radial distance in inches from the origin in
the direction given by the angle ¢, b=0.3 and k=0.2867 for an
embodiment of the invention as shown in at least FIG. 13 for
example. As one skilled in the art will recognize, these param-
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eters may be adjusted in keeping with the spirit of the inven-
tion to modify the performance of the antenna as desired, and
thus is not meant to be a limiting exact range for all embodi-
ments.

By utilizing another log-spiral with a second angle that
differs from ¢, a log-spiral arm or slot may be defined that is
cut from a metal sheet for example. Terminating the spirals
with a circular arc is typically performed. In this embodiment
as shown in at least FIG. 13, the radius of the terminating
circular arc is 4.845 inches, which again, may be adjusted to
adjust the performance of the antenna as desired as one skilled
in the art will appreciate, and thus is not meant to be a limiting
exact range for all embodiments. Rotating the curves by 180
degrees and cutting a second slot results in a balanced log-
spiral slot antenna as utilized in one or more of the embodi-
ments enabled herein.

FIG. 14 shows a front view of an embodiment of a PCB
implementation wherein the PCB is opaque, thus showing
only tapered microstrip line 1301 and feed-point 1302, while
hiding the slots in antenna 701 for example.

FIG. 15 shows a perspective view of the underside of the
PCB board of FIG. 10. Rivets 301, slot 1303, coaxial terminal
803, coaxial cable 802 and cable connector 203 along with
supports 801, 1501 and 1502 from the underside in their final
configuration positions. The copper ground plane from which
slots 1303 are cut, also has the copper removed where sup-
ports 801, 1501 and 1502 couple to the PCB so that the copper
ground plane is not electrically coupled to supports 801, 1501
and 1502. In one or more embodiments the slots may be
replaced with conductive arms, i.e., slots 1303 become con-
ductive arms (see arms 1303a in FIG. 65 for example)
wherein the copper ground plane is replaced with a non-
conductive planar element, for example plastic or epoxy
based or any other non-conductive material. In this arm-based
embodiment, cable connect 203, coaxial cable 802 and any
terminals for example may be moved to the center of the
antenna.

FIG. 16 shows a perspective view of the underside of the
PCB board of FIG. 11 wherein the PCB is translucent and
allows slots 1303 to be visible as outlines.

FIG. 17 shows a side view of the PCB board, mounting
legs, mounting bracket, coaxial connector and gas vent with-
out container 102.

FIG. 18 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 700 MHz.

FIG. 19 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 700 MHz.

FIG. 20 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 1900 MHz.

FIG. 21 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 1900 MHz.

FIG. 22 shows a three-dimensional radiation pattern for the
forward pointing direction for an embodiment of the inven-
tion at 2450 MHz.

FIG. 23 shows a three-dimensional radiation pattern for the
rearward pointing direction for an embodiment of the inven-
tion at 2450 MHz.

FIG. 24 shows a surface current plot for an embodiment of
the invention at 700 MHz with for example the energy absor-
bent siding overlapping the outer portion of the slot, which
greatly attenuates the reflected energy, for example at low
frequencies.
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FIG. 25 shows a power loss density plot for an embodiment
of the invention at 700 MHz. The energy absorbed at the end
of the slots shows that the overlap of the absorbent backing
acts as an impedance matching component which absorbs
energy which is not radiated between the feed-point of the
antenna and the end of the slot, as can be seen in the chart in
FIG. 40. This allows for excellent impedance matching, and
stated another way, minimizes the reflected energy back from
the end of'the slots at above 700 MHz. See also the description
of FIG. 35.

FIG. 26 shows a surface current plot for an embodiment of
the invention at 800 MHz.

FIG. 27 shows a power loss density plot for an embodiment
of the invention at 800 MHz.

FIG. 28 shows a surface current plot for an embodiment of
the invention at 950 MHz.

FIG. 29 shows a power loss density plot for an embodiment
of the invention at 950 MHz.

FIG. 30 shows a surface current plot for an embodiment of
the invention at 1900 MHz.

FIG. 31 shows a power loss density plot for an embodiment
of the invention at 1900 MHz.

FIG. 32 shows a surface current plot for an embodiment of
the invention at 2450 MHz.

FIG. 33 shows a power loss density plot for an embodiment
of the invention at 2450 MHz.

FIG. 34 shows a surface current plot for an embodiment of
the invention at 3000 MHz.

FIG. 35 shows a power loss density plot for an embodiment
of the invention at 3000 MHz. The change of scale of the
power loss density with respect to FIG. 25 shows that energy
is still absorbed at the end of the slots albeit at a lower level,
however, FIG. 35 further shows another important feature of
the invention in that the absorbent siding also absorbs any
current that flows to the edge of the PCB, and this allows one
ormore embodiments of the invention to have a very high F/B
or front to back ratio. This is due to the fact that no currents
can reach the container and wrap around to the back of the
antenna and radiate in the reverse direction.

FIG. 36 shows a plot of Half-Power Beamwidth (HPBW)
versus frequency from simulation.

FIG. 37 shows a plot of Axial Ratio (AR) versus frequency
from simulation.

FIG. 38 shows a plot of Front-to-Back Ratio (F/B) versus
frequency from simulation.

FIG. 39 shows a plot of simulation-predicted boresite gain
versus frequency from simulation.

FIG. 40 shows a plot of Voltage Standing Wave Ratio
(VSWR) versus frequency from simulation.

FIG. 41 shows a Smith Chart of the input impedance of the
antenna feed-point referred to 150 Ohms from simulation.

FIG. 42 shows a plot of 700 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 43 shows a plot of 776 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 44 shows a plot of 874 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 45 shows a plot of 950 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 46 shows a plot of 1900 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 47 shows a plot of 1982 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.

FIG. 48 shows a plot 0f 2450 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range.
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FIG. 49 shows a plot of 700 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range,
raised 10 dB relative to FIG. 42.

FIG. 50 shows a plot of 874 MHz RHCP Antenna Gain of
the prototype versus azimuth, measured on an antenna range,
raised 10 dB relative to FIG. 44.

FIG. 51 shows a plot of axial ratio on boresite at four
frequencies, using the method of rotating linear source.

FIG. 52 shows a plot of 1900 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 53 shows a plot of 1982 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 54 shows a plot of 2450 MHz antenna gain using a
rotating linear source versus azimuth for evaluation of axial
ratio.

FIG. 55 shows an embodiment of the container. Embodi-
ments of the invention may utilize ferrite beads as shown on
the coaxial cable 802.

FIG. 56 shows an embodiment of the energy absorbent
backing coupled with the container.

FIG. 57 shows the PCB board and energy absorbent siding
coupled with the container.

FIG. 58 shows an embodiment of the radome coupled to the
container wherein the radome encloses the various parts
within the container and wherein an embodiment of the
invention is coupled to a vector network analyzer.

FIG. 59 shows a plot of Voltage Standing Wave Ratio
(VSWR) versus frequency as measured on the prototype
antenna using a vector network analyzer.

FIG. 60 shows a Smith Chart plot of the input impedance of
the prototype antenna, referenced to 50 ohms.

FIG. 61 shows a plot of Return Loss measured at the
connector of the prototype antenna, referenced to 50 ohms,
measured using a vector network analyzer.

FIG. 62 shows an embodiment of the invention from below
and to the side wherein the embodiment is mounted on a pole
on an antenna range during the measurements described
herein.

FIG. 63 shows an embodiment of the invention mounted on
apole from behind and to the side on an antenna range during
the measurements described herein.

FIG. 64 shows actual antenna performance measured by an
independent lab. The F/B or Front over Back ratio shows a
worst case of 24 dB and a 30 dB F/B ratio at 950 MHz. The
On-Axis Axial Ratio corresponds to that predicted in FIG. 37.
The quantities measured relate to an embodiment of the
invention for example, as implemented as shown in FIGS.
55-63.

FIG. 65 shows the underside of the plane having the spiral
arm antenna wherein current paths are along the arms (as
opposed to the edges of the slots in slot based embodiments).
Also shown is centerline based impedance transformation.
Arms 1303 are conductive wherein the plan in which the
arms reside is non-conductive planar element, for example
plastic or epoxy based or any other non-conductive material.
In this arm-based embodiment, cable connect 203, coaxial
cable 802 and any terminals for example may be located in the
centerline of the antenna as shown.

While the ideas herein disclosed has been described by
means of specific embodiments and applications thereof,
numerous modifications and variations could be made thereto
by those skilled in the art without departing from the scope of
the invention set forth in the claims.
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What is claimed is:

1. A directional planar spiral antenna comprising:

a spiral antenna comprising
a feed-point configured to transfer energy to and from

said spiral antenna,
spiral shaped current paths,
an antenna impedance;

an energy absorbent backing;

an energy absorbent siding coupled with said energy absor-
bent backing and further coupled with said spiral
antenna,

a cavity behind said spiral antenna and in front of a portion
of said energy absorbent backing;

a cable connector having an input impedance wherein said
cable connector is coupled to the feed-point;

a container configured to hold said spiral antenna, said
energy absorbent backing, said energy absorbent siding,
said cavity, said cable connector; and,

wherein said energy absorbent siding is located between
edges of the spiral antenna and edges of the container
and is also positioned underneath the spiral antenna and
wherein said spiral shaped current paths at an outer
portion of said spiral antenna overlap at least a portion of
said energy absorbent siding.

2. The directional planar spiral antenna of claim 1 wherein
said spiral antenna comprises slots wherein said spiral shaped
current paths flow along said slots.

3. The directional planar spiral antenna of claim 1 wherein
said spiral antenna comprises arms wherein said spiral shaped
current paths flow along said arms.

4. The directional planar spiral antenna of claim 1 further
comprising:

atransformer coupled between the cable connector and the
feed-point and configured to transform the input imped-
ance to the antenna impedance.

5. The directional planar spiral antenna of claim 1 further

comprising:

a tapered microstrip line coupled between the cable con-
nector and the feed-point and configured to transform
the input impedance to the antenna impedance and pro-
vide a balanced output.

6. The directional planar spiral antenna of claim 5 wherein
said spiral antenna further comprises planar conductors,
wherein the tapered microstrip is further configured to con-
vert said input impedance from an unbalanced input to a
balanced antenna feed-point feedline to provide said bal-
anced output, and wherein the impedance transformation and
the unbalanced to balanced feedline conversion take place on
a normal centerline between the planar conductors of the
antenna and a back of the container.

7. The directional planar spiral antenna of claim 1 wherein
said feed-point overlaps said cavity.

8. The directional planar spiral antenna of claim 1 wherein
said spiral antenna is coupled with a printed circuit board.
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9. The directional planar spiral antenna of claim 1 wherein
said energy absorbent backing and said energy absorbent
siding are constructed from polyurethane impregnated with
carbon.

10. The directional planar spiral antenna of claim 1
wherein said energy absorbent backing and said energy
absorbent siding have a net resistivity that is greater than zero
Ohms/Square.

11. The directional planar spiral antenna of claim 1
wherein said energy absorbent backing and said energy
absorbent siding have a net resistivity of 200 to 400 Ohms/
Square.

12. The directional planar spiral antenna of claim 1
wherein said container is conductive and further comprising a
radome coupled with said container.

13. The directional planar spiral antenna of claim 1
wherein said container further comprises a gas vent that is
optionally configured to block moisture from entering said
container.

14. The directional planar spiral antenna of claim 1 con-
figured to enhance cell phone coverage.

15. The directional planar spiral antenna of claim 1 con-
figured to collect signals intelligence.

16. The directional planar spiral antenna of claim 1 con-
figured to enhance cell phone coverage and configured to
collect signals intelligence simultaneously.

17. A directional planar spiral antenna comprising:

a spiral antenna comprising

a feed-point configured to transfer energy to and from
said spiral antenna,

spiral shaped current paths,

an antenna impedance;

an energy absorbent backing;

an energy absorbent siding coupled with said energy absor-
bent backing and further coupled with said spiral
antenna;

a cavity behind said spiral antenna and in front of a portion
of said energy absorbent backing;

wherein said spiral shaped current paths at said outer por-
tion of said spiral antenna overlap with said energy
absorbent siding and wherein said feed-point overlaps
said cavity;

a cable connector having an input impedance wherein said
cable connector is coupled to the feed-point; and,

a container configured to hold said spiral antenna, said
energy absorbent backing, said energy absorbent siding,
said cavity, said cable connector; and,

wherein said spiral antenna is configured to enhance cell
phone coverage and configured to collect signals intel-
ligence simultaneously.

18. The directional planar spiral antenna of claim 17
wherein said spiral antenna comprises slots wherein said
spiral shaped current paths flow along said slots.

19. The directional planar spiral antenna of claim 17
wherein said spiral antenna comprises arms wherein said
spiral shaped current paths flow along said arms.

#* #* #* #* #*



